Does familiarity of an odor, controlling for appropriateness, have an effect on odorbased context-dependent memory (CDM).
O ne of the central questions in memory research
is what effect the environmental context has on memory. Many studies have shown that contextual cues in the environment help people to recall information. The context-dependent memory (CDM) effect is a class of phenomenon best described as when information learned in a particular context better recalled when the context is the same as that in which it is learned. The prevailing theory behind context-dependent memory is the encoding specificity principle which states that the recollection of an event occurs if and only if properties of the event to be recalled are similar to the properties of the retrieval information (Tulving, 1983) . Godden and Baddeley (1975) demonstrated the CDM effect in the natural environment when they had participants learn words on land and underwater. Their research showed that recall of information was better when the contexts of encoding and recall matched.
While Godden and Baddeley demonstrated that a change in overall environmental context leads to CDM effects, other researchers have examined more specific sensory modalities of information encoding that can contribute to CDM. For example, Grant et al (1998) showed that auditory cues in the environment can contribute to CDM. Their experiment examined the differences in noise levels of study conditions compared to test conditions. Participants learned information in both noisy and silent conditions and recalled the information in matching and mismatching conditions. Results showed that the information was best recalled when the noise level was the same as when the information was learned.
While there have been many studies performed examining visual and auditory CDM effects, there has been limited research on the contributions of odor to CDM. Furthermore, the research that has been performed on odor-based CDM has shown mixed results. Smith, Standing and De Man (1992) showed support for odor as a contextual cue in the recall of information. Their study compared two odors, jasmine incense and 'Lauren' perfume by Ralph Lauren in a CDM matching/nonmatching design with undergraduates. Their results showed that recall was highest when Author Note. This project was completed as a portion of the undergraduate honors thesis of the first author under the supervision of the second author.
Correspondence concerning this article should be addressed to Julia F. Heberle, P.O. Box 15234, Albright College, Reading, PA 19612. learning and testing occurred in the same-odor environment compared to different-odor environments. Bjork and Richardson-Klavehn (1989) report two odor CDM studies with adults that failed to show an effect. Rubin, Fagen, and Carroll (1998) , initially failed to find an odor-based context-dependent effect. They tested whether infants learning to kick to control the movement of an overhead mobile would show better retention of knowledge when learning and testing took place in the same or different odor environments. They concluded that context-dependent effects did not occur due to the infants' detection of the novel odor at testing, which may have distracted the infants and therefore caused the lack of retention. Their later studies (Schoers, Prigot, & Fagen, 2007) using food related odors did show odor-based CDM effects. The difference in results could be due to the different populations tested (infants versus college students), differences in the type of task used to test for recall, or type of odors used. The mixed findings indicate that more research is justified to determine whether odor plays a role in CDM.
The mixed results of odor-based CDM research have led researchers to question why the effect appears in some studies while others have failed to find an effect. The explanations tend to focus on more theoretically based ideas rather than the specific details of experimental methodology and stimuli. One explanation for the mixed results is the idea of cue distinctiveness (Herz, 1997) . Herz (1997) hypothesized that distinct odors will facilitate memory better than ordinary odors and therefore contribute more to CDM effects. Herz defined an odor as distinct if it is novel and/or if it is inappropriate to the environmental context. The study used three odors: osmanthus (an Asian, floral-fruity scent), peppermint, and fresh pine, as well as a no-odor control condition in the context of a psychology laboratory. Osmanthus was considered a novel, inappropriate odor, peppermint was a familiar, inappropriate odor, and clean fresh pine was a familiar, appropriate odor within a psychology laboratory. Therefore, the osmanthus odor was considered the most distinct while the pine odor was considered the least distinct. There was a significant CDM effect found for the osmanthus odor, a small effect found for the peppermint, and no effect found for the pine odor indicating that odors need to be distinct to contribute to CDM effects.
While Herz's study shows a CDM effect, the odors used confound novelty and appropriateness which are two aspects of the cue distinctiveness principle. It is not clear from the results reported that the recall rates are a function of appropriateness or novelty or both. The current study attempts to disentangle these aspects by examining only one part of the cue distinctiveness principle, the novelty of an odor in relation to CDM. According to the cue distinctiveness principle, a novel odor should contribute more to CDM effects than a familiar odor. Separating novelty from appropriateness may help to explain the mixed results of odor-based CDM research, at least for adult participants. Therefore, a novel odor present during both the encoding and recall of newly learned information should allow for the greatest enhancement of encoding and recall, and therefore the largest CDM effect when encoding and recall odors match.
Method Participants
The participants in this study were 48 undergraduate students enrolled in four different psychology lab courses at a small liberal arts college. Each lab session met in the same room at the same time on different days of the week (Monday-Thursday). The participants ranged from 18 to 23 years of age. They were offered extra credit in their psychology course for participation in the study. None of the participants reported any adverse reactions from being exposed to the odors used in the study.
Materials
A word list containing 25 common, concrete, semantically unrelated, and affectively neutral English words (19 nouns, 6 verbs) were selected from the Brown and Ure (1969) to-be-remembered items list (see Appendix). The two odors used in this experiment were pure essential oils from a commercial aromatherapy collection, Eucalyptus Globulus (novel) and Orange Citrus Sinensis (familiar). The odors were both considered inappropriate (that is, unusual or unexpected) in the context of a psychology laboratory. The odors were dispersed throughout the laboratory using a commercially available odorizer plug-in fan set on the highest level of intensity. The laboratory used was a standard computer lab (16' x 32') with two windows, carpeting, and adequate ventilation for odor clearing between conditions.
Design
All students in each of the four laboratory sections were randomly assigned to one of the following four conditions corresponding to the odor present during the learning and recall sessions: novel-novel (NN), novel-familiar (NF), familiar-familiar (FF), and familiarnovel (FN). The matching conditions were the NN and FF conditions, while the non-matching conditions were the NF and FN conditions. The odor present during the learning session and the matching/non-matching
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Procedure
The same procedure was used for each of the four treatment conditions. Thirty minutes before each lab session, the plug-in fan containing either the novel or familiar odor was inserted into the wall allowing the odor to diffuse throughout the classroom. The windows in the classroom were closed to ensure containment of the odor in the room. The learning or recall session began an hour after the start of the lab session to give sufficient time for the students to become acclimated to the environmental context. The experimenter introduced himself to the participants and asked them to read and sign an informed consent form. The participants were given the word list and instructed that they had 10 minutes to study the list. After 10 minutes, the word lists were removed and the participants were instructed to not discuss the list. They were told that the experiment would conclude the following week with a recall session.
The next week, the room was set-up with the familiar or novel odor and the recall session began an hour into the lab. The participants were re-introduced to the experimenter and given 10 minutes to recall and write down as many words from the list as possible. After 10 minutes, the experimenter asked participants to write down whether the room smelled the same during the recent session as in the prior session, and to rate the familiarity of the odors during both sessions on a 5 point scale. The experimenter collected the participants' lists and debriefed the participants.
Results
A 2 (odor type: familiar, novel) x 2 (context: matching, nonmatching) factorial ANOVA was used to analyze the data and determine whether context-dependent effects were present and whether there was an effect of odor familiarity on context-dependent memory. The dependent variable was the number of words correctly recalled from the word list. We hypothesized that the participants in the matching conditions would do significantly better than those in the non-matching conditions and that there would be an interaction of familiarity of the odor with the matching/nonmatching condition. The mean number of words recalled and standard deviation in each condition are presented in Table 1 . The results of the 2 x 2 ANOVA showed no significant main effect for the context factor, F(1,44) = .021, p = 0.884 and no interaction between the context factor and odor present during the learning condition, F(1,20) = .515, p = 0.477. However, there was a main effect of odor type present during the learning condition approaching significance F (1, 44) = 2.654, p = 0.098, indicating that the number of words recalled was higher for the novel odor conditions. These results indicate that while the familiarity of the odor during learning did have an effect on the number of words recalled, there was no context-dependent memory effect.
Discussion
The purpose of this study was to examine odorbased CDM and determine whether the familiarity of an odor (separate from the odor's context appropriateness) contributes to this effect. If odor-based context-dependent memory is dependent on the familiarity of an odor, then the novel-novel odor condition should have showed the greatest recall of words, followed by the familiar-familiar condition, and the non-matching conditions.
The results of the study failed to show a significant CDM effect for both the novel and familiar odor, thereby adding to the mixed results of odor-based CDM research. While there was no significant effect found, the results indicated that memory was enhanced when a novel odor was present during the encoding session. This result is supported by the Rescorla-Wagner model of learning which explains that the associative value of a stimulus is proportional to the surpisingness of the stimulus (Rescorla & Wagner, 1972; Domjan, 2003, p. 113) . Therefore, a novel odor should lead to a greater number of words being recalled than a familiar odor. While the novel odor enhanced the encoding of information, its reinstatement during the retrieval session did not lead to a CDM effect. Therefore, the cue distinctiveness principle failed to adequately explain the lack of a CDM effect in this study. It should be noted that Herz (1997) found that odor cue distinctiveness is determined more by the odor's contextual appropriateness than by its familiarity. Since both of these odors were considered inappropriate to the environmental context, Herz may have considered both of these odors to be relatively distinct. However, even if both odors were considered distinct we would still expect to find a CDM effect according to the cue distinctiveness principle.
Another suggestion proposed by Laird (1935) to explain the mixed results of odor-based CDM is that an odor works best as a retrieval cue if the related event is emotional (as cited in Smith et al., 1992) . The current study used a word list containing 25 affectively neutral English words from the Brown and Ure (1969) to-be-remembered items list. Since no CDM effect was found, the current study supports the idea that words need to be emotion inducing for an odor-based CDM effect to exist.
While this study focused specifically on odor-based CDM, the general research on physical reinstatement CDM studies may help us to explain the mixed results in this area of research. A meta-analysis performed by Smith and Vela (2001) has found that while incidental environmental CDM exists, there are factors that might explain why the CDM effect has been difficult to produce in the laboratory. Their meta-analysis of 75 CDM studies has found support for two major hypotheses that have been proposed to explain the mixed results of CDM research, the mental reinstatement and outshining hypotheses. The mental reinstatement hypothesis suggests that mental reinstatement of an environmental context at the time of testing may evoke memories of events experienced in the original context (Smith & Vela, 2001) . Therefore, participants in the mismatching odor conditions may have mentally reinstated the original environmental context helping them to recall just as many words as participants in the matching odor conditions. The outshining hypothesis proposes that environmental cues can be suppressed at test due to stronger associative cues outshining the cues provided by the environmental context. This hypothesis suggests that the odor cues in the environmental context may have been suppressed due to other associative cues that were present during both the learning and recall sessions. Unfortunately, the meta-analysis excluded studies on odor-based CDM due to the lack of published studies in this area of research. Further research needs to be performed to determine whether these hypotheses can truly explain the mixed results of odor-based CDM research.
While the results of this study should help researchers gain further insight into odor-based CDM, there are some limitations that must be taken into account. Some participants reported that they were not aware of the odors in the room where the learning and recall sessions took place. Surprisingly, 48% of the participants did not respond correctly when asked whether the odor present during the retrieval session was the same as the odor present during the learning session. For future studies, participants should be given a pre-test to make sure they have a minimal level of odor recognition. Another limitation of the study was the low level of retention of the learned information. Since there was a week between the learning and recall sessions, many of the participants were only able to recall few words from the word list. Many physical reinstatement studies examining CDM have shown that at least a week is needed between the learning and recall sessions to help reduce mental reinstatement effects. However, more learning trials may have been needed to ensure that the information was stored in memory at the end of the learning session.
The role of contextual cues in helping people to remember information has important practical implications in many fields. Reinstating the environmental context may enhance eyewitness memory, serve as an aid to people with memory problems, or help students to more effectively learn new information. Further research on context-dependent memory will hopefully help researchers to gain a deeper understanding of how people store and recall information. In conclusion, CDM research may have major implications in the optimal conditions for learning. Researchers must determine what factors contribute to and suppress the effects of the environmental context in helping people to recall information. It must also be determined which sensory modalities contribute to the CDM effect. If the research is to be of real practical importance, unraveling which environmental cues and sensory modalities impact CDM will be critical.
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